Background: Goat milk is reported to have antimicrobial activity of several pathogen bacteria that contained on food materials. The research related with antimicrobial activity of Alpha-S2 casein from goat milk is relatively less than other casein components. Herein, we reported the antimicrobial activity of caprine Alpha-S2 Casein (CSN1S2) protein from Ethawah breed goat milk and yoghurt in Gram positive (Listeria monocytogenes, Staphylococcus aureus and Bacillus cereus) and negative pathogen bacteria (Escherichia coli, Salmonella typhi and Shigella flexneri). Those bacteria were known as pathogens that caused gastrointestinal infection. Methods: Serial dilution and agar diffusion analysis with three different concentrations of caprine CSN1S2, 1.25 mg/ ml, 2.5 mg/ml, and 5 mg/ml were used to test the inhibition effect of protein on the viability of bacteria cells. The inhibitory activity of caprine CSN1S2 was based on dose dependent manner. Agar diffusion analysis was showed the larger diameter of clear zone at B. cereus and S. flexneri. Results: The serial dilution analysis was shown the inhibition of almost in all groups of bacteria with concentration 5 mg/ml higher by CSN1S2 protein of goat fresh milk than yogurt. The inhibitory activity caprine CSN1S2 protein of fresh milk was shown a vary inhibition clear zone with optimal concentration 5 mg/ml, however CSN1S2 protein of goat yogurt intermediate effectively was only in gram negative bacteria. The weakness bacteria against inhibition activity caprine CSN1S2 protein was B. cereus (Gram positive) and S. flexneri (Gram negative). Meanwhile the strongest bacteria against inhibition activity caprine CSN1S2 protein was S. typhi (Gram negative), may cause in this bacteria has lipopolysaccharide prevent to interact with that protein as proper. Conclusion: This study result concluded that the caprine CSN1S2 protein has inhibition activity in opposition to pathogenic bacteria by optimal concentration 5 mg/ml in all bacteria and indicated caprine CSN1S2 protein as anti-microbial agent.
INTRODUCTION
Milk is a nutrient source with a complete and balance nutrition contents. One kind of milk from an animal with high nutrient contents is goat milk. Chemical contents of goat milk are different from cow milk, in which the total fat (3.8%), protein (3.4%), mineral and vitamin (vitamin A, B, B12 and D) is higher than cow milk (1, 2, 3, 4) . Besides that, goat milk is easier to digest in human digestion systems than cow milk (2, 5) .
Goat milk is the milk proteins that are the main source of bioactive peptides (6, 7) . A bioactive peptide from milk protein was activated and released through the proteolysis enzymatic process during food digestion and processing on gastrointestinal (8, 9) . A protein on milk could divide into two different groups, soluble protein (whey protein) and insoluble protein (casein) at isoelectrical point (pI) and in milk caseins are soluble as micelles (10) . Whey protein is contained of α-Lactoalbumin and β-Lactoglobulin, while casein are contains of αS1-, αS2-, β-, and κ-casein (11, 12) .
Milk protein and whey from goat milk is a precursor of bioactive components that contribute to antimicrobial activity with a wide spectrum of bacterial pathogen types of food materials (13, 14, 15) . As many studies was made in order to analyze the ability of bioactive peptide from milk protein on inhibition or destruction of pathogen (16, 17, 18, 19) . Previous study, reported that fresh milk and yoghurt from goat Ethawah crossbreed had specific protein with molecular weight 36kDa, in which this specific protein did not find in fresh cow milk (20) . This protein was identified by matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) analysis (21) as protein α-S2 casein (CSN1S2) contents eight bioactive peptides that each peptide has specific biological function in difference mechanism as anti-oxidant (22) anti-osteoporosis, and anti-inflamation (23, 24) . We predict that some peptides of goat CSN1S2 protein may able to inhibit the pathogen bacteria growth as antimicrobial agent.
Research related with antimicrobial activity for alpha casein from goat milk is relatively less than other casein components. Herein, we reported the effect of antimicrobial activity from CSN1S2 protein as a member of casein protein from Ethawah breed goat milk and yoghurt against pathogen bacteria in some gram negative and positive.
MATERIALS AND METHODS

Bacteria culture
Gram positive bacteria (Listeria monocytogenes, Staphylococcus aureus and Bacillus cereus) and Gram negative bacteria (Escherichia coli, Salmonella typhi and Shigella flexneri) was obtained from the Medical Faculty, Brawijaya University Type Culture Collection. All bacteria were maintained on Luria Bertani Broth agar plates (Sigma-Aldrich, USA).
Isolation of CSN1S2 protein of Ethawah goat milk and yoghurt
A CSN1S2 protein with molecular weight 36kDa was isolated from Ethawah goat milk and yoghurt using Sodium Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) according to the previous study (20) .
Diffusion agar analysis
Diffusion agar analysis for antimicrobial activity was carried out with some modification (25) . Antimicrobial action of CSN1S2 protein and yoghurt were determined using an agar well assay. The isolated pathogenic bacteria were grown in Luria Berthani (LB) Broth at 37ᵒ C for 24 hours and adjusted approximately to a density of 1.5×10 8 CFU/ml and then each pathogen bacteria were then transferred to Luria Berthani Agar with cotton swab. Well was made on agar for seeded 200 μL of sample CSN1S2 protein and yoghurt was added to each well. The plates were then incubated aerobically at 37ᵒ C for 24 h and 48 h. The diameters of the clear zones (in the top agar layer) were measured to the nearest mm. Each assay was done in triplicate.
Serial dilution analysis
The determination of effect of the antimicrobial peptide CSN1S2 protein from goat milk and yoghurt Ethawah on microbial cells were performed with minor modification (25) . Luria Berthani (LB) broth (containing 10 g tryptone, 5 g yeast extract, 10 g sodium chloride per liter, pH 7.2 at 37° C) was carried out in serial dilution test tube preparation. Serial dilutions of the two CSN1S2 protein samples were made in Luria Berthani (LB) Broth medium containing 1 ml to give a final concentration of 1.25, 2.5 and 5 mg/ml. Briefly, tubes were seeded 20 μL of the test organisms with approximately 1×10 7 CFU/ml using early log-phase culture, 1.5×10
8 CFU/ml using middle log-phase culture, and 3×10 8 CFU/ml using end log-phase culture. Positive controls were containing Luria Berthani (LB) Broth medium and bacterial inoculum. Negative controls tubes contained CSN1S2 protein milk or yoghurt. The determination microbial count was employed in triplicate samples plated onto LB agar and incubated at 37° C for 24 h.
Statistical analysis
Data analysis results were expressed as means. The data was variance analyzed (ANOVA) statistically with SPSS 16.0 software (SPSS Inc., Chicago, Illinois, USA). The differences effect and interaction among treatments were considered significant when P≤0.05 and then followed up by turkey test.
RESULTS
Effect of antimicrobial peptides on the inhibition of bacterial growth base of clear zone analysis
Qualitative antimicrobial activity analysis was done using the agar diffusion methods of measuring the diameter of the clear zone (Figure 1 ). Treatment uses CSN1S2 from milk, both in 24 and 48 hours incubation, was showed highest inhibition at concentration 5 mg/ml in almost all bacteria comparable to the other concentrations. B. cereus was obtained the highest inhibition with clear zone diameter 13.01+1.25 mm and 11.96+0.81 mm in 24 and 48 hours incubation, respectively. The lowest inhibition at concentration 5 mg/ml in 24 and 48 hours incubation was obtained in two different bacteria, S. typhi (2.91+0.35 mm) and L. monocytogenes (0.51+0.16 mm), respectively.
Although the highest inhibition was obtain by different bacteria compare to the CSN1S2 from milk, but in term of concentration, similar result was obtained by treatment using CSN1S2 from yoghurt. The highest inhibition was resulted at concentration 5 mg/ml. Incubation for 24 hours at concentration 5 mg/ml was resulted the highest inhibition in S. flexneri with clear zone diameter 9.73+0.22 mm. There were no significant different between S. flexneri and E. coli in 48 hours incubation, both were resulted the highest inhibition. In contrast with result from treatment milk CSN1S2, although the lowest inhibition was obtained also from S. typhi and L. monocytogenes, but with different incubation time, 48 and 24 hours respectively.
Effect of antimicrobial peptides on the microbial cell pathogen numbers, during exponential growth phase: early, middle, and late.
Antimicrobial activity of CSN1S2 from goat Ethawah breed milk and yoghurt in all concentrations to Gram positive and negative bacteria at three different growth phases (early, middle, and late exponential) were shown various results ( Figure 2 , Table 1 ). In all phases, for treatment using milk, most of the bacteria were showed significant decreasing, especially at concentration 5 mg/ml compared to control and other treatments, except for S. typhi. Although S. typhi was decreased significantly at concentration 1.25 mg/ml, but the number was almost did not. Values are presented as mean amount of microbial cells, * indicated a significant different (p < 0.05) compared with control group all bacterial species.
Change significantly in other following concentrations, especially in the early and late phase. The highest decreasing for Gram positive and negative bacteria at early, middle and late phase were obtained from B. cereus (3.4E+03) and S. flexneri (4.57E+03); L. monocytogenes (2.55E+03) and S. flexneri (3.35E+03); and B. cereus (4.78E+03) and S. flexneri (3.13E+03), respectively.
Similar with milk, in all phases, the highest decreasing for treatment using yoghurt were also resulted at concentration 5 mg/ml. Although, almost all bacteria were decreased significantly at concentration 5 mg/ml compare to control and other treatments, but except for E. coli in the late phase. There was no significant difference on E. Coli between concentration 2.5 and 5 mg/ml treatment. The highest decreasing for Gram positive and negative bacteria at early, middle and late phase for treatment using yoghurt were obtained from B. cereus (2.02E+03) and S. flexneri (5.35E+03); 
DISCUSSION
The clear zone diameter was measured as a representation of inhibitory activity by CSN1S2. Inhibition zone category is divided into five levels. There are very weak for diameter < 5 mm; weak for diameter >5 mm; intermediate for diameter 5-10 mm; strong for diameter >10-20 mm; and very strong or the most sensitive for diameter >20-30 mm (26) . Based on those criteria, the strong inhibition level was obtained in treatment of CSN1S2 from milk at concentration 5 mg/ml on B. cereus and S. flexneri. Vice versa, in treatment of CSN1S2 from yoghurt at same concentration was resulted only a intermediate inhibition level. The antimicrobial activity of CSN1S2 from milk and yoghurt in this study could be categorized as bacteriostatic, because at least in part, the growth inhibition was observed in all pathogen bacteria. Bacteriostatic activity can be shown by the slow growth activity when the treatment was applied. In contrast, bactericidal activity can be shown by no growth activity after treatment (4, 27, 28) .
Effects of milk protein to the bacteria in middle exponential phase having antimicrobial activity with high sensitivity when compared to the right when approaching or on the stationary phase (29, 30, 31) . Milk protein effect toward bacteria on middle exponential phase has a high sensitivity of antimicrobial activity when compared to early or exact stationary phase (31) .
Based on those two analyses, antimicrobial activity of CSN1S2 from milk and yoghurt was showing a higher activity on Gram positive bacteria comparable to Gram negative bacteria. The outer membrane of Gram negative bacteria was consist of lipopolysaccharides, in which this molecule when binding to the peptide could decrease the peptide affinity and in turn will decrease the antimicrobial activity toward this bacteria (32, 33) . Basically, our study was showing a higher potential inhibition by CSN1S2 from milk than yoghurt in all pathogenic bacteria. This result was almost similar to previous studies, (34, 35) it reported that whey protein from goat and cow milk was showed antimicrobial activity on several pathogen bacteria.
CONCLUSION
At least in part, from our study we could conclude that antimicrobial activity of CSN1S2 from milk and yoghurt was based on dose dependent manner, higher concentration will resulted higher antimicrobial activity. In our study, the optimum concentration was obtained at 5 mg/ml. Compare to CSN1S2 from yoghurt, milk had a higher antimicrobial activity. And overall, our result was showed the higher inhibition on Gram positive bacteria than Gram negative bacteria. Further research related the mechanism of inhibition still need to observe.
• Conflict of interest: The authors report no conflicts of interest.
• Acknowledgements: This research was funded by research grant of the RUPT-BOPTN UB-Decentralization of DGHE 
